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N e g a t i v e  A d s o r p t i o n  
o f  A n i o n s  b y  S u s p e n s i o n s  o f  B e n t o n i t e s  

Attention has been drawn to the negative adsorption of 
anions of sodium salts by MATTSON 1, SCHOFIELD ~, and 
BOLT ~. We have carried out similar measurements, using 
a somewhat different experimental  technique : the anions, 
of which the adsorption was measured, were 1"03- and 
Cr*O~--, where I* and Cr* indicate the radioactive iso- 
topes. 

Isotope Activity "G/2 

i 131 if-, y 8-04 d 
Cr 51 EC, 7) 27.8 d 

The already purified W'yoming bentonite, which was 
most kindly put at our disposal by Dr. J. W. JORDA~¢, 
Director of the Baroid Division of the National Lead Com- 
pany, Houston, U.S.A., was kept in suspension for 3 
weeks; it was then centrifugated, in order to eliminate the 
finest fraction; the centrifugated fraction was brought 
into suspension (about 1 g/100 cm3); to this suspension 
were added the radioactive tracer (in concentrations of 
some/~ moles/I) and the electrolyte which we wanted to 
study for its influence on the adsorption of Cr*O4-- or 
1"O3-. The volume of suspension was stirred, then centri- 
fugated, and the T-activity of the supernatant  liquid 
measured by a well-type crystal. 

The most dear -cut  results were obtained with Na-ben- 
tonite + NaCI and Ca-bentonite + CaC12; more intricate 
were the results obtained with H-bentonite + HC1, where 
the adsorption turned out to be strongly t ime-dependant.  

The phenomenon of negative adsorption is most readily 
explained by the assumption tha t  a certain volume of 
water is inaccessible for anions, due to electrostatic re- 
pulsion (the value of ~ must be considerable). 

We expected tha t  the addition of electrolyte would 
destroy this inaccessibility; this expectation was fulfilled, 
Two causes can be conceived: 

(1) The layer where the electric repulsion is effective 
becomes very thin (pushing in of the double layer-- SCHO- 
HELD--); then the formulae of the double layer must be 
applied. 

(2) The inaccessible volume is constituted by water  be- 
tween the ionic layers of the bentonite;  this water  is 
pushed out of the bentonite when the electrol3~ce concen- 
tration in the intermiceIlar water  is increased. If  this is the 
correct explanation, the viscosity of the suspension must 
change strongly together with the change in the negative 
anion adsorption. 

Measurements of the viscosity brought to light only 
very small viscosity changes; hence the SCHOHELD ex- 
planation is confirmed. 

1 S. 1VJ[ATTSON, Soil Science 28, 179 (1929). 
R. K. SCHOFIELD, Nature 2, 408 (1947). 

3 G. H. BOLT, Kolloid-Z. 1, 41 (1958). 

We then compared the two tracers C r * O , - -  and 1"O3--; 
we studied the following systems : 

(a) Na-bentonite + NaC1 (0.001 N, 0.002 N, 0-005 N, 
and 0-01 N), tracer NaI*O 3, 

(b) Na-bentonite + NaC1 (same concentrations), tracer 
Na~Cr*O 4, 

(c) Na-bentonite + Na2SO 4 (same concentrations), 
tracer Na3Cr*O4, 

(d) Ca-bentonite + CaCl~ (0.0001 N, 0.0002 N, 0-0005 N, 
and 0-001 N), tracer NaI*Ov 

The results shown in Table I can be expressed as 
follows: 

(1) The difference between the adsorption of NaI*O 3 
and Na2Cr*O 4 is only slight. 

(2) There is practically no difference between the in- 
fluence exercised by NaCt and Na3SO ~. 

(3) The effects exercised by CaC13 are comparable to 
those exercised by NaC1 if the normali ty  of CaCt 2 is 
10 times, the concentration in moles/l 20 times smaller 
than the corresponding quantities for NaC1. 

Interpretation o/ resul ts . - -We shall use the simplified 
picture, that  a layer of thickness 6 is inaccessible to the 
anions; now, if g grams of bentonite are suspended in 
a volume V, if s is the specific surface area of bentonite, 
we have for the change in anionic concentration 

Ac_ A V gs6 
-- -- (1) 

c_ V V 
On the other hand, if F -  is the negative adsorption per 

Cm z: 
gs 1 "  = vdc_.  (2) 

Hence Vzl c_ s/'_ 
s6 - (3) 

g-c c 

For  d we can insert the value following from the Debye- 
Hiickel theory 

~ /  D R T  1 1 
1~ ~ ; t ¢ , - 1 ~  

4 = r, 1/7 (4) 

Thus, however, we cannot explain the factor 20 between 
the concentrations of NaC1 and concentrations of CaC12; 
equation (4) would provide us only with a factor 3, hence 
the double layer theory must be applied in the form which 
does not  contain the Debye-Hiickel approximation; thus 
we arrive at the conclusion tha t  ~ >~ R T / F  (25 mV). 

For c~canweatso'insert the value following from the non- 
approximated double layer theory, valid for a z-z-valent 
electrolyte (since NaC1 and Iqa3SO 4 gave concordant 
results, no distinction need be made between a l- l-valent  
and a 1-2-vMent added electrolyte, nor between a 2-1- and 
a 2-2-valent one). 

d~e ~ R T  " ! ~  - ZRTIzF- 2RTIzF- }/'7. (5) 

In  this expression we shall neglect the last of the two 
exponentials, hence 

, ~  ~ 1 D/-~-~T ~ 1 
= R T i F  [/ 8 ~ F  3 e ZRTtzF V- ~ (6) 

where c is the concentration in moles/cm 3. 
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Table L 
Negative anion adsorption (Ac_/c_ expressed in %) in Na-bentonite attd in Ca-bentonite, as a flmction of the concentration of added NaC1, 

Na~S0 t, and CaCl~ 

Tracer 

NaI*O a 

Na~Cr* 04 

Bentonite 

Na-ben- 
tonite 
Ca-ben- 
tonite 

Na-ben- 
tonite 

Electrolyte 

NaC1 

CaCI 2 

NaC1 

NazSO 4 

0-0001 

+ 5.74 

O-0002 

+ 4 . 5 1  

I 0.0005 

+ 3.53 

Normality 

0.001 

+5.36 

+2 '32 

+ 7.02 

+ 7-04 

0.002 

+4-7 

+ 6.36 

+5.38 

0" 005 

+ 3-29 

+4,9  

+4-16 

0"01 

- 2 - 3  

+3-9 

+ 3-65 

Now,  R T / F  is equM to 25 m V ;  if ~ is also expressed  in 
m V ,  we m a y  wr i t e  : 

¢ $ 1 D/--b-ff-f 1 
= - 2 ~  ~ 5 - ~  • (7) 

In  t he  following equa t ion ,  we shal l  a s sume  t h a t  tile 
a d d e d  e lec t ro ly te  decreases  t he  value  of 6, b u t  does no t  
change  the  value of ¢. 

T h e n  equa t ion  (7) gives t he  following resul t  for t he  ra t io  
of t h e  concen t r a t i ons  of a 1-1- and a 2-2-valent  electro-  
ly te  leading to  t he  same d-values:  

~ e  50 e - - 2 g -  ~ e 5 0 .  

c r 
- - = 2 0 = e -  2 5  ; $ =  _ 7 5 m V .  

c i I  

I f  th is  value of $ is i n t roduced  in to  equa t ions  (7) and  (3) 
we get  

s6 = 3e-l, 5z s]//-DRT 1 
s ~ r~  i / 7 "  (8) 

W e  have  p l o t t e d  s~ as a func t ion  of live; the  curve 
ob ta ined  for  a I - I - v a l e n t  e lect rolyte ,  if cons idered  as a 
s t r a igh t  line, has  a slope of 7.1 × 10 -a cma/g (Moles/cma)~A. 

/ DRT 
W i t h  8z~F ~ = 9"6×10 - l o c g s . ,  

this  value of the  slope yields  

s = 1110 m2/g. 

6 

s $  

5 

We have also p lo t ted  s6 as a func t ion  of 1/~/c for a 2-2- 
va len t  e lectrolyte;  the  s t r a igh t  line o b t a i n e d  did no t  pass  
th rough  the  origin; therefore  we could n o t  ca lcula te  t h e  
value of s from these results .  

Let  us finally me n t i o n  t h a t  we also s tud ied  the  ad-  
sorpt ion of NaI*03  by  H - b e n t o n i t e  to  wh ich  a m o u n t s  of 
HC1 were added;  here h o w e v e r  the  resul ts  t u r n e d  ou t  to  
depend  s t rongly  on t ime ;  an  ini t ia l ly  nega t ive  adso rp t i on  
changed into a posi t ive  adsorp t ion ;  an  ini t ia l ly  w e a k  
posi t ive adsorp t ion  changed  in to  a more  and  more  
s t rongly  pronounced  pos i t ive  adsorp t ion ,  as m a y  be seen 
f rom Table II .  

Table II. 
Time dependance of negative artion adsorption by H-bentonite 

Bentonite 

H-bentoni te  

HC1 

0 
0,001 N 
0.01 N 
0.1 N 

imme- 
diately 

+ 6  
+ 2,6 
- 2.6 
- 24.9 

3h 

+ 5'5 
+ 1"7 
- 5"4 
- 50"2 

6h 

+ 5.2 
+ 0-8 
- 6 

- 57.2 

I (lay 

+ 3'5 
- 1.3 

3 days 

+ 4 
- 1"3 
- 1 1 . 5  
- 53 

6 days 

+ 3"3 
- 3 

- 18.6 
- 47.8 

10 d a y s  

+ 0"9 
- 6'1 
- 20-2 
- 44 

20 days 

+ 0-6 
- -  6-8 
-- 33-3 
- -  58 - 69"6 

inlnle- Bentonite NaCI 3 h 6 h 1 day 3 days 6 days 10 days 20 days 
diately 

0 + 7 0  + 8-2 + 9"1 + 9-2 + 8-1 + 7-9 + 7-9 + 7'5 
Na-bentonite 0-001 N + 6-1 + 6.8 + @3 + 7,2 + 6-4 + 5.6 + 5-3 + 6-2 

0-01 N + 1-7 + 1-7 + 2.6 + 1-1 + 1-7 + 1-2 + 1-7 + 0-24 

The Na-bentonite did not show a similar effect. 
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scopy  as descr ibed  p r ev i o u s l y L  T h e  d a t a  f rom X-ray  
d i f f r ac t ion  p o w d e r  p h o t o g r a p h s  are  l i s ted  in t h e  Table 
a long  w i t h  d a t a  on  well  c rys ta l l i zed  B o e h m i t e  s. Figures  1 
a n d  2 are  e lec t ron  m i c r o g r a p h s  of SCHMIDT'S gel. F igure  3A 
is of WILLSTXTTER'S gel a n d  F igu re  3 B  is of KRAUT'S 
C - g a m m a  gel. 

Rdsumd 

Nous  a v o n s  6 tud i6  l ' a d s o r p t i o n  n6ga t i ve  des  a n i o n s  
I*O 3- e t  C r*O4- -  A d i f f6ren ts  b e n t o n i t e s  en  fonc t ion  
d '6 l ec t ro ly tes  add i t ionn6s .  P o u r  les 61ectrolytes NaC1 e t  
Na ,SO4 les r6 su l t a t s  s o n t  en  b o n  acco rd  avec  ceux  de  
SCHOFIELD e t  MATTSON ; nous  a v o n s  6 tudi~ auss i  l ' e f fe t  de  
l ' a d d i t i o n  de  so lu t ions  de  CaC12; celles-ci p r o d u i s e n t  le 
mSme  effet  A des  d i lu t ions  20 lois p lus  g r a n d e s  que  les 
so lu t ions  de  NaC1. C o m m e  ceci ne  p e u t  pa s  ~tre  exp l iqu6  
su r  la  b a s e  de  la  th~or ie  de  DEBYE-HOcKEL, nous  a v o n s  
app l iqu6  la  th~or ie  exac t e  de la couche  doub le ;  le f ac t eu r  
20 m e n t i o n n 6  plus  h a u t  m6ne  A une  v a l e u r  de ~ = -- 75 inV. 
E n  i n t r o d u i s a n t  c e t t e  v a l e u r  de  ~, une  r e p r 6 s e n t a t i o n  
g r a p h i q u e  s6 -- 1/Vc p o u r  les r 6 su l t a t s  des  exp6r iences  au  
N a - b e n t o n i t e  + so lu t ions  de NaC1, d o n n e  une  surface  
sp6cif ique de  1110 m~/g. 

The Structure 
of Schmidt's Aluminium Hydroxide Gel 

A l u m i n u m  h y d r o x i d e  gels are  used as  a d s o r b e n t s  for 
p ro te ins ,  enzymes ,  a n d  vi ruses ,  p a r t i c u l a r l y  for  p r e p a r i n g  
vacc ines  a g a i n s t  f o o t - a n d - m o u t h  disease  1. T h e  gel f i rs t  
u sed  for  t h i s  pu rpose  was  WILLSTXTTER'S C - g a m m a  gel, 
w h i c h  was  t h e  f inal  p r o d u c t  of ag ing  in aqueous  so lu t ion  
of t he  C -a lpha  gel, w h i c h  is a m o r p h o u s  a l u m i n u m  hy -  
d rox ide ,  t h r o u g h  a n  i n t e r m e d i a r y  C - b e t a  gel, w h i c h  is t h e  
a l u m i n u m  oxide  m o n o h y d r a t e ,  B o e h m i t e  3 These  t r a n s -  
f o r m a t i o n s  are  slow, t a k i n g  m o n t h s  for  c o m p l e t i o n  i n to  
t h e  C - g a m m a  gel. SCHMIDT s mod i f i ed  WILLST~.TTER'S 
p r o c e d u r e  b y  a u t o c l a v i n g  t h e  C-a lpha  gel a t  120°C in  
o rde r  to  o b t a i n  a s t ab l e  p r o d u c t  in a s h o r t e r  t ime.  The  gel 
t h u s  o b t a i n e d  is cons ide red  s imi la r  to  WILLST~.TTER'S 
C - g a m m a  gel 4. T h e  pu rpose  of t h i s  c o m m u n i c a t i o n  is to  
show, b y  X - r a y  d i f f rac t ion  a n d  e lec t ron  microscopy ,  t h a t  
SCHMIDT'S gel is m a d e  u p  of pa r t i c les  w h i c h  are  d i f f e ren t  
in c rys ta l l ine  s t ruc tu re ,  morpho logy ,  a n d  d imens ions  f rom 
WILLSTATTER'S C - g a m m a  gel, b u t  s imi la r  to  WILLST~.T- 
TER's C - b e t a  gel. 

SCHMIDT'S gel was  p r e p a r e d  a c c o r d i n g  to  t h e  or ig ina l  
p a p e r  3, or  o b t a i n e d  as  sold b y  A k t i e s e l s k a b e t  K e m i s k  
I n d u s t r i  f r om K o p e n h a g e n  L WILLST-~.TTER'S C - g a m m a  gel 
was  p r e p a r e d  b y  t h e  o r ig ina l  p rocedure  s, or  b y  KRAUT'S 
p rocedu re  6 f rom a m m o n i u m  a lum.  T h e  gels were  p r e p a r e d  
for  a n d  e x a m i n e d  b y  X - r a y  d i f f rac t ion  a n d  e lec t ron  micro-  

I S. SCItMIDT and R. FOGEDBY, Bull. off. int. Epizooties 31, 65 
(1946). 

R. WILLSTATTER, Untersuchungen iiber Enzyme (SpringerVerlag, 
Berlin 1929), p. 141.- P. SouzA SANTOS, A. VALLEJo-FREIRE, and 
H. L. SouzA SANTOS, Kolloid-Z. 133, 101 (1953). 

3 S. ScHmnv, Z. Immunit/it 92, 392 (1938). 
4 H. SCHmDT, Grundlagen der spezifisehen Therapie (Bruno 

Schultz Verlag, Berlin 1940}, p. 461. - G. PYL, Arch. exp. Veterin~ir- 
med. 7, 9 (1953). 

5 R. WILLSTiiTTER, Untersuchungen iiberEnzyme (SpringerVerlag, 
Berlin 1929), p. 141. 

6 a .  KRAUT, E. FLACKE, W. SCHMIDT, and H. VOLMER, Ber.dtsch. 
chem. Ges. 75, 1357 (1940). 

Fig. 1.--Electron micrograph, × ~0O00 of SCHMIDT'S aluminum 
hydroxide gel dried on Formvar from aqueous suspension and 

shadow cast with chromium at arctan 0'82. 

F r o m  t h e  T a b l e  i t  is e v i d e n t  t h a t  b o t h  samples  of 
SCHMIDT'S gels h a v e  t h e  m o s t  c h a r a c t e r i s t i c  l ines of 
B o e h m i t e  9 a n d  t h a t  t h e  l ines are  d i f f e ren t  f rom those  of 
t h e  C - g a m m a  gel w h i c h  a re  c o m p o s e d  of a m i x t u r e  of 
a l u m i n u m  oxide  t r i h y d r a t e s ,  B a y e r i t e  a n d  Gibbs i te  :°. 
F igures  1 a n d  2 are  of SCHMIDT'S gel, d r ied  on  a F o r m v a r  
s u b s t r a t e  a n d  s h a d o w  cas t  w i t h  c h r o m i u m  a t  a r c t a n  0-32 
showing  typ ica l  aggrega tes  of f ine pa r t i c les  (X) a n d  fibrils 
(Y) a t  low m a g n i f i c a t i o n  ( ×  20 000) in  F igu re  I an d  at  
h i g h e r  m a g n i f i c a t i o n  (X 62 000) in  F igu re  2. The fibrils 
r a n g e  in d i a m e t e r  f rom a b o u t  50 to  100 A.U.,  F igure  2,4. 
A l t h o u g h  t h e y  a p p e a r  to  be  r e l a t ive ly  s h o r t  (lengths 
a v e r a g e  a b o u t  400 to  1000 A.U.) ,  a n d  no  long,  ex t ended  
f ibri ls  a re  obse rved ,  t h e y  c a n  m e a s u r e  as  long  as  abou t  
0-25/z. W h i l e  t h e  m a j o r  p o r t i o n  of t h e  m a t e r i a l  appea r s  to 
be  f ibrous ,  t h e r e  are  also c rys t a l l i ne  p a r t i c u l a t e s  in  a wide 
d i s t r i b u t i o n  of d i a m e t e r s  as  la rge  as 0 . 5 / ,  a n d  as  smal l  as 
200 A.U.,  F igu re  2B.  B o t h  F igu res  1 a n d  2 conta in  
m a t e r i a l  w h i c h  is s imi la r  to  t h a t  o b s e r v e d  in  C - b e t a  gels 
fo rmed  b y  ag ing  of C -a l p h a  gels a t  r o o m  t e m p e r a t u r e  11 in 
p H ' s  g r e a t e r  t h a n  7.4, or  to  t h a t  obse rved  in  C-be ta  gels 
fo rmed  b y  boi l ing  c o n c e n t r a t e d  aqueous  suspens ions  of 
a m o r p h o u s  a l u m i n u m  h y d r o x i d e s  13 p r e c i p i t a t e d  from 
a l u m i n u m  chlor ide  (or n i t r a t e )  b y  a m m o n i u m  hydroxide  
so lu t ion .  

C - g a m m a  gels are  composed  of par t ic les  of a comple te ly  
d i f f e ren t  m o r p h o l o g y  f rom SCHMIDT'S gels. T h i s  is demon- 
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